Introduction
shows the percent overlap of the unrooted trees recovered using the six codon 174 pairing methods (three for parsimony and three for alignment-free) compared to the OTL. Supplementary Table 7 shows the optimal window sizes and the method (identical, co-202 tRNA, or combined codon pairing) that recovered the most congruent tree with the 203 established phylogenies. We define the minimum optimal window size as the smallest 204 window size to recover the most congruent phylogeny when compared to the reference.
205
Across all taxonomic groups, the minimum optimal window size was relatively small.
206
Averaged for all minimum optimal window sizes that produced the highest congruence 207 with the OTL, parsimony had a mean minimum optimal window size of 4.000 with a 208 sample standard deviation of 3.033. The alignment-free method had a mean minimum 209 optimal window size of 3.500 with a sample standard deviation of 1.509. Supplementary   210   Tables 8-19 show the percent edge overlap for identical, co-tRNA, and combined codon 211 pairing compared to the OTL and the NCBI taxonomy for both the alignment-free and 212 parsimony approaches at each ribosome window size from 2-11. For both the alignment-213 free and parsimony approaches, combining co-tRNA codon pairing with identical codon 214 pairing produced the most congruent tree with the OTL and the NCBI Taxonomy in the 215 following taxonomic groups: all species, archaea, bacteria, fungi, invertebrates, protozoa, 216 and viruses. For both methods, identical codon pairing was more congruent with the 217 reference phylogenies in mammals. Parsimony produced a more congruent tree for plants 218 using co-tRNA codon paring, while the alignment-free method had the best results using 219 identical codon pairing. Furthermore, the non-mammalian vertebrate trees were most 220 congruent with the reference phylogenies using identical codon pairing for the alignment-221 free method and the combined method for parsimony.
223
We also compared the codon pairing motifs (i.e., the set of codons that paired within a 
249
We further analyzed the number of codons that paired within each gene. We counted the 250 number of codon pairing motifs that included 1, 2, 3,…, 61 codons and report the 251 distribution for each taxonomic group in Supplementary Figures 21-30 . In most 252 taxonomic groups, each motif contains ~10-40 codons. However, bacteria, archaea, and 253 viruses are more likely to have fewer codons in each motif, while vertebrates typically 254 have more codons in each motif.
256
Finally, we quantified the frequency of repeated motifs. We counted the number of times 257 each motif was used in each taxonomic group. Supplementary Figures 31-40 show the 258 distribution of repeated motif frequencies in each taxonomic group. In most taxonomic 259 groups, most repeated motifs are repeated 1-20 times with a steep decreasing slope as the within the ribosomal footprint are included in a tuple that is then added to a set for that species.
Figure Legends

581
Sets of tuples are intersected to calculate the distance between species. These distances are then 582 added to a distance matrix that can be used to recover phylogenies. Similarly, distances for co-583 tRNA codon pairing and the combined method are calculated using sets of amino acid tuples 584 instead of codon tuples. 585 Figure 2 : Flow chart for the parsimony analysis. We start with input FASTA files, one for each 586 species. For each codon (or amino acid) within each ortholog, we assign a binary value of '0', '1', 587 or '?' depending on if codon pairing for that codon (or amino acid) occurs. We then remove 588 parsimony-uninformative characters. Next, we remove any species that do not contain at least 589 5% of the parsimony informative codons, and we conduct the analysis only if at least 5% of the 590 species pass the filter. Finally, we output the parsimony-informative character matrix for each Invertebrates  149  57  57  149  147  Plants  89  61  60  89  87  Protozoa  75  15  24  75  75  Mammals  107  97  100  107  105  Other  vertebrates  123  114  118  123  120 Viruses* 7 233 0 0 7 045 0 The alignment-free methods include codon pairing, CAM, and FFP, and did not require any 607 preprocessing. Parsimony used a stricter preprocessing cutoff than maximum likelihood, and 608 therefore used fewer species. The NCBI taxonomy includes viruses and more species than the 609 OTL. Zero species passed the filters when fewer than 5% of the total species had sufficient 610 ortholog annotations to run the analysis. 
